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ABSTRACT

This study was centered around the question, '"can junior high school
science students acquire and use the learning strategies of 'concept mapping'
and 'Gowin's 'V' mapping' to facilitate meaningful learning?" '

’

Concept mapping 1nva1ves the 1dent1f;:at1§n of concepts in a body of
study material and the orgsnlzatlan of those concepts into ¢ hierarchical
arrangement from the most general, most inclusive concept to the least
general, most specific concept, These procedures are consistent with
Ausubel’s theory of meaningful learning. Furthermore, concepts in the map

. relate to each other by "connecting lines' that define propositions or -
specific relat¥onships between concepts, for example that "Arthrapads have
jointed appendages.'” We define concepts as '"'regularities in events or
objects designated by a®sign or symbol,'" and in our example "Arthropods"
and. "jointed appendages' represent.two concepts. Propositions, in turn,
are relationships between concepts (as in our example) and the acquisition
of relationships between concepts is the key element in meaningful learning.

- (Ausubel, 1968, 1978). ' - '

A setand "learning‘strategy"‘ar‘"meta 1earning" activity (. e., 1earﬁ—

is aanstructéd abnut events and obgects by us;ng EOﬂEEPtS and record maklng

or record transforming pracedures guided by the concepts, principles, and :
‘theories we &mploy. Gowin's "V' is a simple heuristic device to show this ’
interrelationship between, on one hand, concepts, principles, and theories,

and on the other hand, observational or record making procedures, Trecord
transforming procedures (e.g. graphs, tables, statistical computations),

and consequent "knowledge claims.'" Students learn to'recongize that<our
"kﬁowledge claims"’in scienée are dependent on the aan:epts and ‘theories

'farmlng prncédurés.

ki

- The study was conducted w1th seventh and eighth grade science students
in the Ithaca, New York area. Data show that both high and low ability
seventh -and eighth grade students (as measured by standardized achlevement
tests) can acquire adequate skill in the use of the strategies in copjunc- - =
tion with ordinary junior high school science programs, and that there is L

. an association between skill in using the strategies and positive attitudes.
toward science and success in new problem solving. Although this research
is in the category of a '"preliminary investigation," with much of the
pfaject activities centered on procedural problems for classroom instruc-

‘tion in the strategies (including preparation of a "Teachers Handbook'),
the cognitive and affective achlevement data are positive and faver further
research and implementation of the "learning how to 1earn" strategles. e

Ll -
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I. ORIGIN AND CONC DN QF THE PRGJECT

a During the 1950's and early 1960°'s, Ngvak and his studentg CDﬂduitEd

research on factors ;nrluenclng problem solving. This early work was dane

employing a cybernetic model (Weiner, 1948; Estes, 1950 ; Novak, 1965) that

emphasized the .istinction between storage of information and précessiﬁg of

information. By 1965, our research group became familiar with Dayid.: )

"Ausubel’s ClQSS) cognitive learnigg theory that emphasized thé cent}algrolé.

that cgncegts play in the acquisitieﬁ éqg use of knowledge, and Ausubel's

theory became the psychologlcal foundation for our research from thlS tlme

foward (Novak, 1966, 1977a). , . t

? Qnother factor contributing lmpurtantly to the conceptlon of the

project were changes Dtiur;ng in V1ews on the history and nature af science.
- Conant ;1947) and later his protege Kuhn CIQEZ)'emphaé;zed.ﬁhat inquiry

in science is guided (aqd sometimes caqstraineé) by the "conééptugl schemes!

or "paradigms" scientists invent. This épistemélégicél shift away from .

Baconian-Pearscnian, tradition that dominated philosophy of science for 300

- years led to an empkisis on the mutable, evolving nature of scientific

=

coﬁcépts, best characterized by Toulmin (1972). This gpistemélogicgﬁ shift,»

from a- view of science as an enterprise in search of "laws",of nature to

an enterpr;se seen as much more served by evolv1ng conceptual schemes or

explanatary models, provides a view of knewledge camplementary to a psycha— .
logy of learning cenferiﬂﬁ on the aéquisiticﬁ and use of concepts. .
Over the past two decades, our research work and curriculum develnpment :

act1v1tlés led in the leEEtlaﬂ that suggested that students can be alded ‘in

a8

-x

Aithough many variations exist in the: definltlgn of "concept," we have défined B
it as a regularlty in events or, objects d251gnated by a sign or symbol ‘

0 9.
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- : 1-2 .,
- leafning ﬁct gnly through better specification of learning objectives and

Drgan;?atlaﬁ of subject matter, but also through explicit guidance to
- : ) i

EtudEﬁtS in learnlng!stiategles. Although much of our research and related

work of Reif (1976) and his coXleagues at Befkeley was zonduzted with college
students, our reseirch with ch;ldren CHlbbard and Novak, 1975 Ngssbaum and

Novak, 1976) and the work of Kdrplus (1979) and others suggested that’ junior
: B g . M =

high students should be successful in acquiring specific strategies in

learning to aid them in learning and understanding science. .
From our research program and theory development, two specific peda- *

gogical techniques emerged as useful learning strategies: concept mapping

(see Figure I.1) pravides a tool for aiding students ﬁa‘ﬁnderstﬁﬁd‘tﬁe

salient rgle tnat cancepts play in learning and 1nférpreat10 of events

oT ,bj 5; Gowin's epistema;qgiig;r"V" Csee F;gurE'IgE) to 1illustrdte tEe

interplay between conceptual and ﬁr@:&dufal elements involved in knawledée

production. These two pedagogical techniques are dsrivatiﬁes from learning

and curriculum theory guiding our work, and from an epistemology cénsistent

k]

with contemporary views of, the process of knowledge production in any rational

+ enterprise. The primary purpose of thé research repggtedvheie was to

address the question: S : -,

CAN SE'VENTH AND;’GE EIGHTH GRADE SCIENCE STUDENTS LEARN TO USE

CONCEPT MAPPING AND "V'": MAPPING STRATEGIES IN CONJUNCTION WITH
EXISTINC% SCIENCE PROGRAMS?

E

WILL STUDENT'S ACQUISITIEN OF SCIENCE ICNG‘WLEDGE AND PRQELEH

SOLVING PERFORMANCE CHANGE AS A RESULT OF Z'HE STEETESIES"’

WILL SI’UEENIS SHIFI TQWARD A MORE POSITIVE é""TI‘IUDE ABOUT
'SCIENC‘E? ¢

: - == * -~
LA CAN C?LASSRCJGM TEECHERS BE TAUGHT TO INSTRUCT pUbILS IN THE

" PROPER USE QF THESE STEATEGIFS?




Figure I.1. Concépt Map prepared by student #Désiduringfpréiiminary

i clinieal intefviewsncoéinET/chémber, 1979).

&
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. I-a .
CONCEPTUAL. -t ‘ METHODOLOGICAL
— —— —T
, THEORY

FOCUS QUESTION KNOWLEDGE CLAIMS

FRINCIPLES

TPANSFORMATIDNS
g, )
. . 7 o ;
v oo CONCEPTS RECORDS
. " ) ; {K
‘. - OBJECTS/EVENTS g : Y
e . : ) : 4 3 E ‘\ B
= = ) = N . ° . ’ \\
Figure [.2. Gowin's Epistemologic¥l "V (in press) used with seventh and "& 
. ~ .eighth grade students as a heuristic to help in’ uﬁderstandlng how X.
- knowledge is praduced in the sciences. , ;:,;%
- S oLy
. . ' ) . , A
, In the limited scope of this research (projected initialiy over one
calené;r yeatr) we cquld_nct'eipeat to obtain more than tentative answers o
lto the secondary questions méntioned. . k .
7 ) 2 = N Vﬂr" &
It was quickly realized by the staff and the consultants of the B
V”Leafnlng How to Learn" PTGJEEt that this research was a- true 1nquITy
As su;h we had to expect to wrgstle w1th thearetiaal 1ssues E*éatE’g ¢
B8 .

evaluailnn 1nstruménts that reflec;ed the‘thégretlcal bases cf the pr@gegt
x .
find ways to best 1mplement these strategies in the classrcams

Y

“and work .
. within the f;amewark that g@verns public szh@ols, Thlsispirit Df‘iﬁﬁﬁi}f
_‘er . .‘!: ;,

14
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but alsa because 1t

of the 1earn1ng

ERI

Aruitoxt provided by Eic:
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Aruitoxt provided by Eic:

i':iﬂ Ithaca at that time.s We f0und 1ater that 51milar prgblems would be

A‘EV1dEnt 1n the Vestal C;ty Sch 1s; on. ce again we w;tﬁessed some ,fmthe

W' =¥ =

':.prablems assoclated w;th educatlcnal research ln!"real yorld" settlngs._

_ Nevertheless,twa junlar highrteachers frcm Ithaca d;d yolunteer ta begln

P e

wark with use and- prelimlnary 1nstruct10nal w@rk began in Navember

We began wurklng w1th greups ‘of 1@ tD,ZD seventh grade stuﬂEnts who

”TVQlunteered to partlgipate in "8th perlad " an after-school period for S




8, -

'lt, understcod 111 the cantext of the regula sciéncecl@iséwarkg

=

;r:;-se on pulse rate, and usmg an averhead pTOj ector tcgethe

r:f/ 1th
¢ ‘A

Flgure II.1. Since laboratgry work was 1n£requent (less than }»oi ce pér week),
we 1ntroduced sorge addltlonal experlments Ce g., the study uff digestlan

: }, :
‘in cow' s, stomachs), but thls proved to be too tlmé cnnsum1ng for our
Q . . . 1 R

‘*5’:‘.3‘;staff and impractical in the long run. coe s

/ 7

NCEPTUAL .
2 U au&sneN o

'\ "How does rate of pulsg beaf
a vary wﬂh axer;isef’ il

: ECaﬂeeE_uul svstem- -

.’::l'ﬁ:reﬁsmg pulse rafg sugphes
J ﬁ:ad and Qxygén ta SEIES

< Muscle i
_ - 5 . Viga!ﬂu; P
. . EnE;ngi - Et:::lili © Exercise -0
# Sa: vurluhan o Q;id,ﬁtmn ——————

Figure IT.1. '

rp
v tnry exerclses. CDe 'abér, 1973)




After a few class 5%551Qn5 in. whlch our pra;ect staff nstructlun

S = &

in the use nf "V" maps, the regular classrugm teacher etpressed lﬁtéfést

1n ut11l21ng the pro:edures as part of thls teachlng, 50 the staff's rcle

“began~ta shlft—tn fbcu351ng on. pr@V;ding suggestlens for class aztlvltles
and préllmlnary effarts at evaluatlan praaedures for the use with the "V"

Unfortunately, the teacher decided to resign from téaihlﬁg at the end of |

.8

the é@haalgyear and did not wish to continue his initiative in_usinggthé

;gtrg;ggiés. We snught ather teachers during DEEEﬂbET and January. Contacts

L haé_béeﬁ;ﬁade_ﬂlth an621ghth grade teacher in the Lansing Schools. He .

_expressed an ihterest in our work and we commenced classroom instructicn

in January. Further information about participating schools i is pravldeﬁ

. in Section' III.~ . o L é -

:”ng M;dﬂié Schaal WEiﬁadé rapid progress in utilizing,

e

“th% "V" Wlth the muah mere extens;ve use of labaratory wark assaclated w;th

he INTRDDUC“DRY §H¥SIEAL

J '

' L4

CIENGE (I C'ESJ Pngram in use with' 31ghth grade’:'f;; :

B

I classes 'Evaiuatian?stra£3g{é£%ﬁéfe;devélapediéﬂd evideneé §a§ Dbtaiﬁéd S
1nd1§at1ng ‘most of the 21ghth grade students were highly su:cessful in con- |
, structy ,g."V‘s"'and in ;pterpretlng them (1n :Ilnlcal lnterlé sa éiﬁﬁSj.‘.'ﬁ%*
o Cancept mapp;ng was 1nltlated in Martﬁ 1979 and thls also praceeded Hell |

and was well rec31ved by the students.» Wé began wark w1th cancept mapp;ng

:

w1th a. seventh grade s¢1ence teacher 1n Trumansburg and made arrangements te

- L]

‘ *bégin wark 1n seventh and 51ghth grades in Vestal New Ya:k ‘At both

Trumansburg and Yestal we first 1n*rodu;ed students tD scmé act1v1t135

&

s Sect;an II) and then-inst

cz‘i

111ustrat1ng meanlngful 1earn1ng CAppendlx

1n cancept mapplng,

;_The sequ&nce Cl) learn;ng a¢t1v1tles



::J;"ln the Fell ‘semester and eentlnued smoothly threughout the eeedemie yeer.

;'e prellminery "Teeeher Hendbeek" fer use wzth teeehers w1eh1ng te use the

streteglee end hed develeped eveluetlon eppreeehee fer esee351ng etudeﬁte';;%

,n =

es Wlth eeneept mepe e mepe end science p'iblem eelv;ng Altheugh

ff;ell ef theee meterlels and preeeduree underwent exten51ve medlfieetlen eﬂd
reflnement during the 1979-1980 school 'year, wé,were Prepared to begln the
fall semester at Trumeneburg and Vestal Cehe;Leneing teacher returned to

Cornell for greduete etu&y:end beeeme a prejeef eteffgmember) The turnover

e [} e

of pertielpetlng teeehere and seheol dletrlete neeeeserlly deleyed pregreee
en the project and the original twelve menth eehedale for the research was

vneeeeeerlly'extended;, However, the. ehenge in procedures (from staff- le in-

' -etruetlen to teeeher=1ed 1netruetlen) end the wide array ef partlclpatlng

seheele 1nvelved edded to the prem;ee fer w1der dlseemlnetien ef .the P:egrem,_,

1 /

theuld eveluetlon dete lndleete mer1tfte the pregrem.

September, 1979 fbund Veetel/en e eentreetdlsputé résultlng in a nwcfg E

5'te'ru1e" preeeure on pertlelpeting teeehereeend slewed pregrees in the 1ntre-ﬂ

= g ..
: duetien ef the etretegles At ;rumeneburg, hewever, work begen immedieteiy
/ A

n

g f -
A’ n;nth grede eelenee teeeherfet Seuth Glen Falls New Yerk end a seventh

,'.=grede teeeher in” Hemer, New Nerk expressed 1ntereet 1n ou& pregeet.» Ue;ng

"the’pvillmlnery Teeeher'e ﬁendbenk eﬁd minimum gu1denee from eur~prageet

r ="

steff the or three cenversetlene), theee teeehere reperted success end

'““enthu51eem 1n 1mplement1ng the etretegles.,,Although we were elnw te begin'




!flséxtéﬁ Vély aftiﬂulaiéa”

et , o R \, 2
i~theoret1cal ;ogndatinn Qf the pTDjéCt was more fL

This resulted in a :urresgondlng growth in. the

e evaluat1un pr@cedurés that:wnuld be emplcyed thraughaut the schaal year

Data ‘allectlon praceedéd throughaut ‘the year, largely for formative' evalua—'"'

tlun purpases in the fall Semester, but 1ﬁ¢13331ng1y to serve as a bas;s for -

: | . a’
fsummatlve evaluat;an cla;’s; especially from March-June, 1980 Detailed
.
descrlpticns of lnstruttlanal procedures and evaluatlon follaw in later
sections. ' Hi , : o
I * "
1 5 - * 2 B . .
L <. = - h o . h &
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111, PARTICIPATING SCHOOLS AND TEACHERS

5 In order to charactecize -the schools with which weworked ~during the -
twévyéafs of our study, the following is given. In addition to information

about the schools, the professional preparations and backgrounds of %he

: g e : ~

- ~ four teachers involved in the project are also described. Although we N
began our study in the Ithaca City Sghgais in November, 1978, and contin-

=)

er, 1979, this was essentially "'pilot

H‘

ued some work into the Spring semest
program" work and did not involve later performance comparisons. Figure

ITI.1 is provided to show the relative positions of these schools to
R b - . &
Ithaca. .

JLansing is a town Hlth 3 pcpulatlan of 51x thousand and is<located -

abaut ten es narth af Ithaea; ‘New Yark. It is a>m1ddle 21355“

cammun;ty, and is tlass;f;ed be self adm;ss;an) as "rurban," that 15,

v

N
ol

\ .compcs ed of rural and urban fa:tlans. There are three schaols 1n the

- distfiﬁt'i ‘one elementary serv;ng grades K through 4 one mlddlé sch

W

for grades flve.thrcugh e;ght and o hlgh schgol far nlne through

Yt twelve. Dur praject was 1nva1ved w1th the 31ghth grade sclence teacherﬂl

"at - the mlddle scheal which had a tatal student populatlﬁn af 375 in_

- - st
o e P

| alS?éle?E irh éifhty—ELght 1n ‘the 21ghth grade.A A farmal sc;en;e

:urriculum exlsts fbr the middle s¢hcol and : hlgh sC

e -,

Trumansburg is- lccated about ten mlles from Itha:a -on- the west 51d

of Cayuga Laké. It has a pcpulatlen cf abaut thrae thousand and 1sﬁ,r_4f

el

i

Like LanSIng, there are- three

ch@als in Truma



B - BOKiemahirs




‘The st kent papulat;an 1n the mlddl Sc,

-of th 'studentS'afe'jg;'""'av

| gr Mgrsg; A fcrmal science currlculum éxlstsffor all grade Ievels

2

e o A o

a

a :ammunity of 26, 000. VEstal is léeated along the

‘Sa hern Tler of ‘New York state, abaut ten mlles west gf Biﬁghamtun.

£ 1

It is ala551fied as suburban and is m;ddle class. Vestaléhas five -

'»A formal séience aurfi lum exists for grades seven through

sAfri:an

phy31cal

L

a: fram Carnell Un1ver51ty, and had been teashl

tion. fiam New Yark State and Masters degree in science

ERIC!
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Sarah DéFranca, Trumansburg M;ddle Scha@l was an.51ght year vetETan

on" tEPWGTk<H1th aur PIQJE?t in the Sprlng of 1979 AéﬁgJ—h

rr3231ved an Assazlates degree from Auburn Cammunity College, her BS

_7°}£rcm Carnell Un1vers;ty, and her Masters degree,fram El llege.,
During her 31gh£-;éé£§>at Trumﬁﬁsburg MrsF_DeE;;_:n was<§ 1 mentary

' ;gmman branch teacher fa: ane:year, tayght ISCS in eighth-grade scique
for three years, and junior highebialégical science for seven years.

Mrs. DeFranco continued with our project through its_campletign in

. June, 1980, :
Jay Decatur'héd ééeﬁ»ﬁeaching iﬁ'Vestal fér the twelve years Df~
his career. - He had attended Flm;ra Callege, SUNY at Blnghamtaﬁ andi
~-LaMa:mIegh_£_exa 1£»;; passessed thlrty 21ght credits beyand his BS, P
zéegree_ He ‘has taught Science 7 fgr faur years éSEiEHEE 8 for ningi*' N
;?;years and Salence 9 é;; two - years i% . }. L
”f‘Mary Bente had taught for -six xeéﬁg iﬁ’tﬁé Afri:én'Raaé Junigf-x
* High Schaéi;when she valﬁntéered for our .project.. She.méjeééd”in .
eigméntéry'andssgcaqdary science education at SUNYAaﬁ Oneonta, and ) -
lépcgéessed-ﬁhirty credits!,mastly;in s?e;ialieéucaticﬁ; beyond her BS. -
iMisslgeﬁte hés‘faught Science 8 in Vestal for three yeafs,iénd:@és;beeﬁﬁi
’feééhéng‘s ierice 7 for the past three years. o




&

1y, fﬁEAN 1 Né#uL LEARN;NE

Our f:.:'st wcrk w;th students was w:.th a group of valuﬁteer in Ithaca s
','chntan Junior ngh School after regulé? classes. - We offéred.a def;nltlcn
of concept* and asked the Studenﬂs to name other cgngepts and to d251gnate

. the objects and/ar évents relevant to those chcepts Thé'students respands :

| ‘ed to questions rapidly and were gager tq ge; on to :the discussion of
"how to learn better," which we said would be the subject of the after- -

class 'sessions. They thought the distinction ;é‘ﬁade between rote learn~ =

E]

e 1ng (51mple memarlgatian af statements or definitions)-and meaningful -

iearnlng Erelat;ng new knawledge to kngwledge prev;ausly learned) was .

rather abv1au5 They persisted: "But haw da we 1éa:n to leatn better?" L

"How w111 th15 help me to learn sclence?" It became clear tu ué that

A

we. needed to apply ore nf our. key PIlﬂElplES cf‘learn;ng - to. relate o .%i

1Y

new knawledge tc thlngs the students already knew abaut science, and to -

thlngs they were :prrently learnlng 1n class.

We praceeded to 1ntruduce Gaw*n's "V and the terms assgc;ated w1th

: this device, ralatlng thls tc werk they were dﬂlng %n cl s3 1 e., frog

] =

¥

disseztidn.' We alsa 1ntraduced*same Ugames" as mntlvatianai dev1ces,

- L €8s “see haw many events ygu can wr;te down 1n three minutes." JCMast L

students cculd carrectly 1dent1fy six to.'ten events.) Althaugh Wé wera

.=
=

sucgessful 1n famillaILZLHg students Hlfh the elements of Ggw;n)s AL

“ve felt that studants we;e largely uncertaln as ta haw the nyn rélated

i\(



e

to the stuay of bmlagx- This impression persisted wntil' the Christmas -

break as we cantlnued wark wlth laboratary act;v1tles and use of the
e (see Section VI of this repcrt) ; - o .._ - S

55 a result Gf ur experlences at Ithaaa's Bayntan “Juhior High T

T

"pir;f: ly 1ntended tc 111ust$ate cnnaepts of learﬁlng_ When we

-‘cﬂmmenced work w;wh students there in February, 1979 we bégan w1th

a;t1v1t1es lllustratlng sensnfy memary, short term mémary, and long

‘term memaryf Modified versaons Qf,theseiact1v1tles are ;ncluded in
the Teaﬁhef's Haﬂdback CAppendlx I, Section III) o . : S
- S;udents ‘were h1gh1y IESPQHSLVE to the learn1ng act1V1t1és, and ..,
s - b e

wa have faund thls tq be true w1th callage students alsni Although no

L. i v = § L

formal summatlve evaluatian of. these act1v1ties was done, ‘we faund that

v1rtually allr students could: dlstlngulsh between sens@ry, shart term,

and, 1ong—term 1earn1ng éventsi They were also successful in labeling:

A f

1nstances Df 1earn1ng as ESSEﬂtlEllY rate ‘or mean1ngful in ahara:tera

e Dur judgment was that these act1V1tles were successful so we dld n@t L

B

" expend effart on- evaluatlng thls phase of the pro;ezt.: In retrﬂspezt

hawevér bnth teachers andstudentSﬁmy have ga;ned Superflclal knnwledge o

?'pqténtial value in later :uncept mapp1ng and "V mapp1ng. We wauld

of thesa fbrms Df learnlng, and 99551ble relat1cnsh1ps tc success 1n

,Vzenﬁept“mapping;and nyn mapplngf;

recammend furthar résearch on 1evels of. aghlevemént of understandlng

=




e .
rwhen these 1earﬁ1ng aat1v1t135 pzecedéd sgncept mapplng S;n:e Dnly a

, partlun of twa or thrge class perlgds is needed for these a:t1v1ties -‘
teachers_have all rggg:ded.them as,ﬁcrthy of the time iﬁvalvement.

An ugusual number af;pcsitive fespéﬁses arévélsc being;reéegved ¥r§ﬁ§§1
;s published’ paPer (Nuvak 1980} 1n which these 1earn1ng a¢t1v1fleég?

- . =

presented Uﬁless further research shauld cast sume daubt on the 1se

these activities, we re¢amménd that they be used as 1ntradu:t13ns~;'
¥, [ P
learning strategles of cgncept mapplng and” "V" mapplﬂg

£ 5 al e = .

Q

ERIC
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" V. CONCEPT MAPPING " : -
e Intréductian:
. Meanlngtul 1aarn1ng requ;res a CDﬁSciDuS effart on the part of the student_
L Eta relate new knowledge to knawledge prev;ausly acquired Concept mapping
Sw s a:pedag?gi' al tec h nique to hélp students see ‘explicitly how neﬁxcpncéﬁfs

PO N L

:E‘; can be rélatedvﬁa previ usly learned cgn:epts., The 51mplest concept map

:f?;wauld be two eoncepts llnked by what Ga*dner (1930) "has déscrlbed as~Hogi- M

4

ical connectlvez n e.g s werﬁs such as "because " "alth@ugh "or by s;mple

;ﬁE;g;; Taagxghlrght the SLgn,f, ance& of c@ncepts, we usually place thése °
. . ) et

x”in bcxes and cc"’

ct the .concepts 'ithelabeled lines or re&tangles;! The é v

. _ s
1can:ents plus the verbs Qr=1ug1cal nne¢t1ves fgrm propositions. A simple.

cancept map for a. famlllar PIDPQSltlDﬂ wnuld be* ) g
- * SKY ===t BLUE|.: ° : )

“fAnather=51mple coucept map, but using a less famili iar concept, and hence

"igsPe;;flz pfopas;t;onsi

aré V.1, on page V-2. .

ERI

Aruitoxt provided by Eic:




e, saelng new knawledge as related to and assimllated under airéad

'knawn, m@re general IEIEVEHI*CGﬁCEPtS. o '~' N

PARTICULATE|made of _[ATONS

. . . : whine
” as
o [sxrl—as__ [TAtR| composed of [MOLECULES
— . | SN Mgyl o —
= vwad ’ g
N\¢ , -k
DUST PARTICLES o, N,

Figure Vsli A simple concept map including the concept '"sky.' Concept

maps -are composed of concepts and 'linking words" which
together form propositions. - We have found that it is useful
to construct them hlerarchlcally, that is, proceeding from
the most general, relevant concept "daw*i" the hierarchy to

. more specific concepts.

is always a judgment as to what represents the best hierarchy for-any body
of subject matter, but people knowlédgeable in the subject can generally .
reach. a consensus on "reasonable" maps. To sque extent, a cou:sptfmap can .. -

be considered like a rubber sheet which can be lifted up at any éng concept

and’maké this the suuerafdinate concepts as our focus of attention

shifts from one sub;l ect area ta another. Far examﬁiéf in Figure V. 1
: - e i
we' cauld llft up the concept "air' and then the cher concepts wnulql seem

7 t"be ubardinate, ‘but “still related. The crucial psychclug;cal Pflﬁhlp

are that meaning dérlves fram pérceured relat:.onsh;ps between concepts
H

fand that learnlng jpraceedsbest when "subsumptian" learning is Eﬂcauraged

i




hierarchy. On the cfher hand, first .grade Chiidfé? presented initial

examples with a vertical hierarchy could zgﬁstruct,gagd céncept maps

given a list of familiar words selected to have p@tentially'"ﬁgpadown"

! hierarchical order. . ) 7
‘ From a brief introduction to coﬁcépt maPpiﬁgj Studeéts can quicgly
see that the “struttﬁré“ of kﬁcwledgeAcan be very complex, thét algostiaﬁyz
_ ésncept can be felatgd:tﬂ ﬁaﬁy other éDﬂEEPt;, aﬁélthat there is ho one
’ - "best way" to rep}ésént knowledge qutc draw a,canéept map.;_We havé found
thgseafacﬁs to have motivational value, since constru:tlng a cnncept map
;ﬁrovés;ta be'something iike4guz£1§ solving, dnd students ¢an compare,
contraét, andgarificiZE:éthers? concept maps, even those madevbyithe
.teaéher! éufth%fmare, stu;ents regagnize that they inknaw ccnceptslthatr 3
h T are relevant tc new learning and that they can, if they try, lea;; new
) ‘material meaningfully. Cancépt mapping is a natugai extension of the
» léafniﬁg actifities discussed above, for ft is the framework of Eéncépts andr

in a new 1eafnlﬁg,task, or must resort to rote learning. CDnEEPt maps are
also a way of fepresénting é;terﬂallyvthe_web of concepts and .propositions

in long term memory that comprises the individual's cognitive structure.

YTTégthiﬂg Concept Mapplng

‘ Early in our"wark we faund that a gncd way to begln cencept mapplng was

Df the sc;ence cancepts in'a segment cf the

frtéwhé é'StudEﬁts 1deﬁt1£y all

‘gr labaratory study gulde. :This‘taSKTalone afteﬁ bring§




zaﬁtéit of the science lesson. Fér E;aﬁple, words such as ''greater' or

PO N U s i L
"less than" may represent specific.quantitative regularities, rather than a

e o

more general notion of "larger”zﬁr "épallerﬁ"
¢ : " Next we asked the student—té6 order or rank these.concepts in a list

50 that the most "important" or most general concept is first and the less

impartant; more specific concepts come later. Wh;]e the flrst step (identi--
fylng ;Dncepts) requlres some thaught and careful readlng, the secand step ?f

reallv becames challeng;ng* Students need to, evﬂluate whatthe-read;ng R

passage is all ;baut;'whaf is the most impartant idea of the concepts.

-
wy

o
m—lm
H

: Qgingédiscusséd;’ané,what is relatively less impartant; But

g

© . this challenge (Dr 15 it because of it?), students generally give pasitive

.repart5 Dn the1r reactlans to con:ept mapping. (Some quotes from students"

w111 be given belaw )
5N £ . " - ;
We hdve alse tried having students prepare concept maps in small graup

. (two to four students), and to reach a consensus eﬁ-th31r map Much '
1iveﬁy discussion cammaﬁly ensues!s Anather strategy emplaye& has been td

" have 1ndlv1duals or graups draw their maps on the blackbaard or prepare th

maps on tr anspar

\"""
m
U~
1]
:'.'I""
5
o]
=1
t
=
.
ﬂ
<
m
o
-
L1
T
"
g
I-‘
o
L
o
0
Ing
le]
o
=~
=
o]
[
=
L
]
i~
i
L]
"
[}
L

that fbllc s' ually challenges the cgnstructlan of . the map -- what :ancep'

ar2=at the top or at the buttam, and what k;nds of 11nkages are 111u5frate,

yéﬁffhejgancept map , 'f e

:;s" on the DthEIS-H F;gure

Q
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"

map. A restructed map will often retain unique features, and students
come to éppreciate some of the idiosyncratic nature of meanipgful learning.
Transparent tape can be used to hold the paper sllps in pla:e and

students repart that Cﬂnﬁept maps become good study materials far later

review sessions in-class.

 ‘ plaﬂt cells (May, 1989)




'VEvaluatlﬂn of ConcEPt Maps. . ' _l

Previous researah emplgving concept mapping CStéwart VanKirk, and
Rowell, 19?9 Wcre;ra, 1979) nad prav1ded some faundatian for our evaiua--
tion program waever, we fcund it necessary tc construct much more

explicit criteria for evaluatlan, and also criteria 51mple enaugh to be

£

use& by the busy:classraam teacherg In order to refine our evaluatloﬁ

criteria we began by using a clinical interview approach (Pines, et al.,
1978) with students eonstruétlng a map from a specially written pa:agraph

(see pages V-11 through V;24 for the paragraphs , and then exﬁla;n

N

ng to
' the 1nterv1ewer whv they canstrusted the map as they did. Appendix II

‘gives complete transcr;pts from twn_cllnlcal interviews. - = s

5 The cllnical-;ntérv1ew pratuﬂal lncluded the following élements
’F;rst we wculd ask the student to read a paragraph that Was based on
materlal that the student had already had in class. The pafagraph:wasx
purpasefully short, not more . than fifty wcrds with'usuaily no more than_
ten relevant cancepts Aiter theSfudEﬂf hﬁd read the paragraph, we.
asked h;m/her to write the ma;or ccncepts on small pieces of 1" x. 3",
green paper, and to.use other slips of paper (1/4" x 2" yellow) to repfes
- Sent the'linés Eétweeﬁ the-cancepts Students were not told -to lTltE an the
llnes but only that these yellow sl;ps representéd the: lines. We wanted
'ta détermlne if the students knew'whar they shauld wrlte on these. llnes
-rna fﬁndamental element of ceﬁ;ept maﬁplng - The reaSOn that we adapted the
;:;fuse Qf PlEEES and s1 p paper, rather than hav1ng the 1nterv;ewee o

,f_ the

an:ept map~was completed we asked thé 1nterv1ewee




was enrtep; eeplei? the reletienebips :epresentee by the yellow lines,
‘whymere eertein‘eoneepte were iewer on the map, and we probed generellf
_ the etiuetuie'end content of the map. Of course, tepe ;eeefdinge Qere made
| efteeeh of theee initiel interviews,hene the,eeﬁeeptgmeee were Scotch-taped

down into a more permanent form of records. Transcripts of each of

the eudietepee for these and eubeequenf interviews were also made’.

These initial interviews were conducted w1th eppreximetely e;ght etudents

¥

' frem Trumansburg &ur;ng late May end eerlv June, 1979. With the eed of ! *
" the’ eehee% year quiek1Y;epproeehing, we decided that thie(smell.eumber was ‘
enough to Eeginedeveleping the eriterie for eeeeeeing'the concept mepping
,etretegy feeegihe’next part of this eeetien.) -
Duiing the eerly Fellﬁ 1979, the eteff-egein turne& to thesinterviews_
'-te rev1se'them. It was felt thet the 1nterv1ewe sheuld eleo probe how the
2 students feel ebeut eeneept mapplng, and in eddltlen te determlﬁlng whether
'etudente eeuld actually eenstruet them Thie, ;hen, was included in the
interview pretoeelg A preliminary set - of intervieee was conducted in
Trumanebefg again in Deteeef;j197gg The intention of this set was . v
vte;teet the edequeey of the protocol endﬁtodeequeint neweeeeff- members
Qho had joined us that semes;er:with the,interele ing teehnlque From
) thes initia al Znterviews:in éeteber,'the Steff'revised the.peregreph that

was to be presented <0 the students during- subsequent 1nterv1ewe.

Durlng the course of several Eeries of 1nterv1ew5 over the yeer, ‘the.

e,

'fstudents ;mepef_ The emell e;ee of the 8=1/2" x 11" eheets ef peper eaused

* cramping of the concept map. 1 The larger sheets were less confining, and ?f

'"**'nfu51ng Our Xerex machine could: feduee thesemle?gef mePS‘tofefmore;ﬁ

"’ze fer reeerd keeplng w1th tren :iete[vaﬁheFiﬁterie@siff



Threughout the Summer, 1979, the staff, using the preliminary inter-
views frem the previous Spfing in Tfﬁmeneberg, tried te'deviee adequate
criteria for assessing the concept mepe that students weuld eonstruet during

the clinical interviews. Finally, in the Fell new staff membere pIDv1ded

a much-needed injection of new ideas, and facilitated the creation of the

desired criteria. : Dﬁemvery fruitful session in late September resulted in .

several characteristics which would become the core of the «evaluation

criteria. Essentially, the staff asked what characterized a concept map, _

) : . _ ( _ .
identified theee elements (Stewart, et al., 1979) and then develeped e*eeering

scale thet weuld 1ndleete etudente' performeneee reletive to. those elements:

=

Figure V.3 is a. deecriptleﬂ of the "f;nel" crlterle developed for
eeerlng eeneept maps. Theee criteria were used to assess all the eoneept

mepe that were eelleeted dur;ng the eeheol yeer 1979- 1980 end form the basis

of the reperted dete in- the follew1ng pages. ) : ‘

g
)

These criteria were used to construct a less riéEreue form for
eeeeeeieg etudenteeenetfueted concept maps. Essentially, this other
form was develeped Ee provide the teeeher who inteﬁde to impiement this -
etretegy 1n the classroom with an elternet;ve which might be more menegeebie -
then the more eemprehene;ve form Thle more generel ferm is reperted in

" the Teeeher'e Handbook, page V-3 (Appendix I)

4
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lgﬂﬂfé all parfs of the mup lor relatoomships cPILERIOn §1 B seGal Isii=iiges s

e:gl;gitlx identified hyv proper hhe!ing of the cunnecting line

Sec Appendix |, Section .

¥ for zamples of scafed camzept mapE.

RELATIONSHIPS:

¥

~ HIERARCHY:

One point is piven for each relationship between two toncepts providéd
the ralationship iz content correct and explicitly stated. No additional
eredit is *nﬁrrl:d for dimlltatmn of the same relationship on the concept
map.

Moints are. awarded depending on the degres
aof hierarchy in the concept map. The nim=

. be¥ of. points given for hlerarchy depends

BRANCHING:

upon the numher of levels that are identi-
Fied in the constructed map. Use the map-
to the right for illustration.

One point “ix given for at least one cor-
rect relationship per level, up until two
levels heyond the last hranching if the
mip remaing limesr. - - :

The brﬂn:hiﬁg ‘nf the concept map refers
to the level of degree of differentiation
among the concepts that are illustrated
in the hierarchy. Tt;at is, it attenrts

. to rate the degree that specific conccpts
..are vonnected to more general or inclusive e

* points each for Levels 2 and 3.

GENERAL TO
SPECIFIC!

CROS5 LINKS:

zun:gpts. That rating is as follows:

One point for the first branching where two or more ¢
ta the concept abave.

Three points for any guh;equen: branching where there is an example of
two or more concepts connected to a concept above. The illustrated map
above would receive a score of seven; 1 point for lLevel 1, and three
Note that since no branching eccurs in
levela 4 and 5, no- further pointy are awarded for this criterion.

The concept mp rm:eives an additional rat!ng for illustrating a ger!ernl
to specific pattern. Whether onc concept is more general than the ones -
helow it depends upon the Line which connects the two concepts. IF no
general to specific relationships exist, or less than 10% of the rela-
tionships sre general to specific, the map receives a score of zero.

If 10 - 29% are.correct = I point
30 - 49% " = 7 points
- 50 -8&9% . " =3 "
70 - 29% o =4 "
= 5 i

90 -100y "

Intecratedness in a student’s concept map indicates an integrntion of
“concepts,

and is depicted az cross links on the concept map. Cross links

show a relationship between concepts on one hranch of the hierarchy with

concepts- on _another brinéh. -
the illustration abhove.
* Iink showing the lnt:grﬂtinn among concepis.

Notice the:two examples of cross links in
A rating of one pain: i= given for each cross
No additienal p@ints are

awarded for duplleation of the =ame cross liﬂki that iz, showing: tha
same intagratim\ of fnﬂgents '

:

epts arc connected




A word of caution is in order. ' While the eriterie for the assessment

of student-constructed co eept maps de consider Structure as well as content,
the maps are an externalization of the student's cognitive structure. While
we believe that "the concept maps reflect, in some degree, the cognitive

structure of the individuals, we do not know what systematic errors are —
= . 7 & - . . ) . , ¥ .
introduced in thie;fepfeeentetien. Thus, scores that the students receive

’en thelr maps mey not be as valid as more preblng end more time- eoneumlng

elinleelhinte§v1ewe would offer. However, in the two yeere ‘of the prejeet'

work, we were unable to deviee'en 1netrument that weuld eeneider all three
~of the elements -that impinge on the eenetfuet;en-ef concept maps: eblllty

. &
»'te construct the map, . the eentent eerreetnese as. represented on the maps,

¢

;‘end the mep as a refleet;en of the- ecgnltive strueture. ;Further reeeereh
:w1th this strategy eﬁd assessment criteria mey result ‘in Lﬁmefe eeeufeie,j S "‘
and’thus, ma;e yelidzse;ef the instrument. _ | : “ -
'Evefuetlen engeeeept Mepe during 1979-1980: )
Evaluation of the concept mepplng etretegy began w1th the cllnleel
rintefviewe ianrumeﬂeburg in Nevemberr lS?S. A peregreph was de51gned from
iiethe 1n1tlel paragraph used in fhe prellmlnery October 1nter1§W5. (The results A .

’ef these Geteber lﬂtETEIEWS will not be reported since their major 1ntent1en

. \\

ijee te'femlllerlee the eteff w1th the el;nleel 1nter¥1ew1ng strategy.) A

\

*'eeellne eeneept ‘map was eenetrueted frem the peregreph. ~The funetlen of

fthle besellne mep, end all. the ether peregrephe thet were ueed 1n thie pheee
veluetieﬁ, wee te prev1de a meteretlek te eveluete the students'

Thle beseline mep wee ﬂﬁ;\aﬁ-"ldEdl mep"’(eltheugh we dld
\

' !guldeline fer eseeeement
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In fact, many af}the~maps constructed by the students reflectsd higher
'seores on certain criteria than our own baseline maps represented.
) What follows are the results from the series of clinical interviews
~  and class activities involved with making concept maps from:selected
paragraphs. .Each section is introduced by the paragraph used, the basgline
map for that paragraph and the s:@rlng for that baseline map atc@rd;ng to
‘the criteria glVén in Flgure V.2 on page 7 of th;s seetlon. Tables and
graphs shawing the mean pEfCEﬂt*Cf-bESEllﬁE values for each paragraph are
provided, as well as frequéncy distributions,’
LIVING (‘Z’RGAN.’ESHS '‘ALL NEED ENERGY. PLANTS AND ANIMALS USE- ENERGY
' FOR LIFE ACTIVITIES. SOME LIFE ACTIVITIES THAT BOTH PLANTS AND
ANIMALS HAVE ARE ,GROWTH, REPRODUCTION, RESPIRATION, AND TRANSPORT
, OF MATERIALS. A LIFE ACTIVITY FOUND ONLY IN GREEN PLANTS IS THE
e  PRODUCTICN .OF FOOD.. ANIMALS CANNOT PRODUCE THEIR OWN FOOD, SO
THEY NEED THE LIFE ACTIVITY OF LDC@MDTIQN TO FIND FOOD..

.. Baseline Map: | ' ‘ , , »
: / LIVING ETGANISMS&
MALS , ENERGY .PLANTS
r oo \ﬂ; |
e

= PRODYCTION OF
© FOOD

e " GROWTH - REPRODUCTION ~  RESPIRATION ;‘}iﬁgmngRT OF
f : - . - _ ., MATERIALS
‘‘§coring: < = A . o
”_ ‘ Relat;cnshlps (R) - 14 , " General to Specific Cé/S)-a 5
L Hlerarchy W -3 " Cross Links (CL) : < 4
© .10 .. TOTAL (Tt) - e 36

‘f;i;:;Easelln= ma “for ""L;vzng Drganlsms" Paragraph Trumansburg, R
"’VLSeventh gra e, Navember, 1979 and Mafch 1980 + B
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.

Table V.1. Percentage scores for each criterion and total for concept maps

prepared from Paragraph #1 in relation to the baseline scores ‘
established for that paragraph. (N = 72) For some criteria, the
DerTcentage score is.greater.than 100%.. This is due to students
scoring higher in those criteria than our own baseline map.

- MEAN —

. . CRITERIA i
* CRITE! (%)

Percent Relationships (R) - = 69.69
Percent Hierarchy (H) 3 " 120.26
'Pércent Branching (B) 2 47.64
| ‘ ‘5 Precent General to
SPEEi§§§ (G/S) '
Percent Cross Links (CL) :  11_l; _ ‘ ' A é

Percent Total (Tt) = 63.13

Map
:
-

ine

Eagasel

(€)

ERIC

Aruitoxt provided by Eic:




Frequency -

109 ,120

Figure V.6 - FrequEn:y d;strlbutlnn fbr tatal percentage.af :ancept maps prepared
) ‘from Paragraph #1 in relatlan to baseline map. (N = 72) .

&
. Péiag;aghgig‘ S = L e -
*" .~ IHE CELT IS THE BASIC UNIT OF A PLANT. IT IS SURROUNDED BY A CERL
THE CELL MEMBRANE LIMITS THE SIZE OF THE
" THE

—~ MEMBRANE AND A CELL WALL.
. ‘CEH AND ALLOWS ONLY CERTAIN THINGS TO ENTER OR LEAVE THE CELL.

CELL-WALL GIVES SHAPE TO THE PLANT. THE CYTOPLASM OF THE CELL CON-
.. TAINS THP CELL PARTS WHICH INCLUDE MITOCHONDIRA, VACUOLES, AND :
: &'HLDRGPEA,ST 5. THE NtféLEus, WHICH XS NOT IN THE CYTOPLASM, CONTAINS
’ GENETIC mrzgrap N i




. Scoring:

"Table V.2. -Percentage,scores: for each CTltErlDﬂ and total for cmnceptfmaps,'

[t
"

- ' A A v

Baseline Maé:

‘nat

CYTDPLASH ;AfNUCLEUS

© GENETIC -
 MATERIALS -~

(ol
[ny]
=
o w"'ﬁﬁ
I’ o
-
—
L

CHLOROPLASTS MITOCHONDRIA VACUOLES , -7,

="

&

Relationships (R)

7 General to Specific (G/S) -

Hierarchy (H) 3 Cross Links (CL) - - --
. X ]

Branching (B) - 10 Total Score (Tt) . = =~ 36

pw—w (%2 ]
o

Figure V.7. Baseline Mdp. for !'Cell" paragraph. Vestal, seventh grade, ;
January, 19 0 and May, 1980. o ' <

= 3 -
- - B i

" prepared from Paragraph #2 in relation to the biSEllﬂE szcresr
established for that paragraph. (N = 67)

Wo-

e —_—— iAﬁVV
CRITERIA PR ,.”géj-?

. I . —

, Percent Rélatlanshlps (R) . 7 33:91
T N L Percent Hierarﬁhy (H)- e 912§4
' Percent Branching (8 . ~27;31§5L'

Percent General to i' : T
’ . 55.82
Speclflc (G/S)=* L, 95.82.

. T C Farcent Crgss Llnks (CLj . ;¥:.1;4% -

T Empada
JEFE

»;Pércgﬁg Téféif(?ﬁj.f~'







. DIGESTION -

Tt

" General to! Specific (G/S) -

| Cross Links (CL)":

Q

ERIC

Aruitoxt provided by Eic:









“*GR CDNTRDL
CEN*ER :

MIDBRAIN - HINDBRAT

General to Speciflc (G/S)
v'Crass Llnks CL)

’Tatal Score - (Tt)

sslﬁg ganstructed ccncept ﬁa S.o
19807 - -

crlterlnn-and fotal for cgncept maps
1n relaﬁ;an to the basellne scores

Percent Hlerarchy (H)
-Bran;hlng (B)

Aruitoxt provided by Eic:






MOLECULES HAVE KINETI‘: 'ENERGY CZ'AUSE,D BY THEIR MQTIQN- . 'THEI.EVETRAG

IECE OF METTER; THE LDWE'R THE TEHPERATUHE._ H@T WATER HQLEEULES
HAVF A FASTER AVERAGE- SPE‘ED THAN COLD WATER MOLECULES. x

E

) i <
o Basellne Map ' 7 KINETIC ENERGY
R ;sié E :

 MOTION

'HOT WATER. .

*?f_? Sccrlng _
'Z;Relatlfnshlps (R) - ' ' General to Specific (G/S)
H;erarchy (H) | - 3 .“ Cross Links (CL)
;Branchlng (B .. -4 Tatal Score (Tt)

Easellne map. fnr "K;netia Energy" paragraph w1th scoring: a:cnrdln

Lt eamprehen51ve for assessing’ constructed concept mapsi Vesta ;
31ghth grade Januarxg 1980 and May, IQSD - .

-i;




: ‘Relationships (R)
nt- H:Lerarc:hy (H)

Aruitoxt provided by Eic:






SEPARATION OF
——SURFACES

. FQSITIVE C*)  NEGATIVE (-)
= ; " CHARGE .

'General.to Specific (G/S) - 5
CraaaapLinks (cLy - -2
=7 ! -Total Score (Tt) =27

”f%igufé@V:iél Baaallna map fbr "Statla Elaatrlcity" paragraph Vestal,
S EIghth grade, May, . 1530. ‘

;Tab1a~E;§. Paraantaga scores. fpr aaah ETIfEIlGﬁ and total for cgncapt mapa
N EEE praparad from Paragraph #6 in relation to-the baseline scaraa B
eatabliahad far that paragraph. (N = 44) :

CRITERIA -

Percant Hlararahy CH)
'a=Peraant Braﬁahlng (B)







of Data in this Section: o : K

i)

ﬁlAbbrev1ated Anelysi

Altheugh e eemprehen51Ve SEatlStlcal enelyels ef the data is

LR

vth;s etete of the reportr
At -first gienee,iit;eeﬁ be neted.thet students' perfermeneee on, jef

some pe:egrephe were better then en others. This'i’ due, in large

L pert te the greupe ef etudente thet we were teetlng For instance,’

7? 9 ;Paregreph #1 was edmlnletered to the Trumansburg greuprwhe had received
7>extene1ve trelnlﬁg in the use ef eaneeet maps. -Generelly; their
?Qeeeree ere higher than the Veetel etudente (Peregreph #2 fer seventh

fgredeJ Peregreph #5 fee the - elghth grede) Ae was mentlened eerller,

beganlet th‘ﬁetert of the ecademle yeer-=

AR o Cémparieen of Figures V6 and V.9 111uetfete5 another point ‘about the .

frele nf 1netruet1en in, the use f he eneept mapplng stretegy. Very few

'etudente frem the Trumeneburg greup Ces represented by Figure V. 6) reeelved i?"
a ezcre ef*zere threugh nlne for their tetel eee Generelly, etudents N

eeelved thef eeofe if they did net exp11e1t1y ldéﬂtlfy the relet;oneh;p . ”i"f

This exereise was considered -
. L :

so in Veetelg 'fﬁue, the high

Aruitoxt provided by Eic:



o -
-

Crass llnks, thé establlshement of lnterrelatlanshlps among c ,,EEPtSIén-é "g

.ican;ept map, was nat stressed‘ﬂurlng 1nstruzt1nn ‘of the concept mapplng strategyv

: Thusrfthe~sccres far-thls criterion aré generally 132;. Further, the. basellna

cancept maps rarely contained more than ane or twalaf these cross links. The

opportunity to 111ustrate one by the student: was 11m1ted to ‘a kind of "all or

nathing? situation. -
. -
‘; p .
¢ t, -
h‘i *
‘x E.
. S v L9 ‘
[ 7 iy E *
. 8 . &
s ) 5
= B
, &, ,

Aruitoxt provided by Eic:



I e e L
. .Formative Evaluation 6f the.Concept

,fAs_P§§ﬁ9éfvthé\cliniéal intérview :an&ucted With;Stﬁdéﬁts;duf!

- .‘v:-f'f’@
"prnblng, the intervieWerséwere able to

\ . ) . .

~1ﬁﬁ§fﬁiéwées were askéd to discuss the structuré of: th21r :Dncept map

udents' understandlng of the caneggt mapp;ng strategy During:
1théi§§ttituées*abgﬁtvthé\strgtegygwére 15 sarggitgd:, 5@wévéf;

*%ﬂaagaterteﬁaztgdVinéghg'segtiép on'attitudés (Section VIII).

Anotherssouriéigbr thé fcll@w;ng comments came Er@m several

- . &
afgsxg_fptsr- Thg,;ntervlewer s;quest;ons are 1n,eap5?‘L
“azéjiﬁ,lawer chse . If mqre than ‘one student is- answerlng the

- .

’,;d"feteﬁt;rgspansgs‘are,ssparated_by ‘a space bgtwegngche,

= what 1E ;s.

“

Like a chart gf what ‘you've :ead.

.

WHAT IS A C@NCEPT MAP, IN “YOUR OWN. WORDS? , R ali{f

"‘WE;l;;zt's a wag of hﬂiglng you undezstand whe.t youtye- been’ reading, or
strdy ng,_ ft s: [an] easier way instead Ef réa ling. ., : :

You' "DON'T HAVE. TO READIF YOU USE CONCEPT HHPS? R

.V’Qn,v au;iave to read, but it makes the reading more. ;nteréstlng; 'cau
got’ to k oW, Hﬁat you' re réad;ng ‘to- understand Qur ‘labs. ~. 80" It’ 5 eas.
:;undsrstaﬂd the labs ‘if you do -ar e@ncept map after ané.‘ -

. IS, A :QﬁcEPT HAP?

ERI!

Aruitoxt provided by Eic:




. H . :
i =

*Eaéh Sf thése excerpts seem to lndlcate that the interviewees had some
dlff;gulty 1nterpfét1ng the question asked, Allseemtc have some 1dea of whats h
a cancept map is, but find.it d;fflcult to articulate its purpose. 'In regatd

‘.‘ to -the respcnses relating :uncept maps and 1abaratary EIETZlSES, the teazher e

= =

"v,?of_that student aften‘had thE‘StUdEHtS construct concept maps prior to or

kN fii 1mmedlately after dcing a laboratory. experiment. The concept map then became
:;A _the 1eft-hand 51de of the "V" » ~ - o . . o

,n*the ‘next questlcn, rela 'i ng to struéturerJthe prablem of vaguenesSf

' in the answersfseems to dlsappear. They are more on target whén 1t comes

ept map. . The first Studéﬁt draws. up0ﬁ=

s 7
!

DESC.'RIEE A CGNCEPT MAP? : o .
st a pgram;d and w:Lth things bram:}nng off f:«:m one. anathér.:;_

Te- - . . e

' V.thungs break;ﬂg dgm

& -

_Aé;thi525tudsﬁt.indicates- the chlldren in our study all se em_to kncw,~'

for h;erarchy and géneral ta spe cific. The pyram;d user above and

Q

ERIC

Aruitoxt provided by Eic:




Related to the structure of the concept map, we wanted to determine if

the studenis understood the function of the lines between the reptesenteé'

:ancepts. Here are somé responses from interviews that have asked for .the

. N

functiqn of the 1iﬁesrand what ;heg,represent.

ARE THERE THINGS THAT HOLD THE PYRA&ID OF THE CQNCEPT MAP fl"t:?C}'E.'THER7*p

I den't know ... just lines.

' WHAT DO THE LINES o¥ . .
3 N Wéll, thégkjﬂlﬂ - Eheg :ﬂnnecﬁ . :annect the two -ideas tégéther.
' WHY DO YOU HAVE A LINE BETWEEN "KINEIIC ENERGY" AND "AF?RAGE SPEED OF
MOLECULES"? , _ R
That's what ... that's what it is. That's what it means.
o DO YOU EVER WRITE ON THE LINES? o :
- ' Yeah. [?tudent then WTltES ";s" on the line between two concepts.]
Sy : WHAT m THESE Do. -- THE  LINES?. , ,
- Iheg c@nnect it with the important [sanéépts].-. like "k;netic energy” lji

has to d@ with "molecules," so that connects w;th that.

WHAT'S THE pu;ap@ss OF THE LINES? - 7 - |
:'Eause if you just puat "plants" and "animals" and stu§k~§bem]:ight underneath
 "living ﬂrgaﬂlsms" and “"energy” you would never know what the whole thing
was abauﬁ. ' = _

WHAT G’GES INTO HAKING }1 C‘CJNCEFT MAP?

Yau make up at the top ..; you put Ebe main 1&23 af the rhapter and, like,
oo Say it was "maiécules ' rssameth;ﬁg, ‘and theﬂ you'd write down, 11ke, what' gaes;
- into mak;ng mslécules aﬂd branch aff.' ‘Like'd :tree.... roots. T S ;3;
. N " = ,

EEDU SAE "ERANCH QFF," WHAT ARE TH@SE*ERANCHES?

. L Theg shaw relat;snsh;gs P bétWEEH thém.;x CoE v e e
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. students' perception of using concept mapping in other classes.

HAVE You E'VER TRIED USING‘ CONCEPT H,APPING IN SDHE OTHER E'LASS, OTHER THAN
;?CIENCE? e : -

ﬁat réally. I haven't really thought about it.
DO YOU THINK IT WOULD WORK IN SOME OTHER CLASS?

Yeah. It would work in a lot of classes. ) S .
IkE? ‘. . , a , ,
- : - . A b} B 2

Like, okay, work in like math. Ebu bave a lot of steps to learn and it would
help to remember basic steps and all that stuff. Work in Engllsh 'cause you
got stuff liké your nouns, pronouns, and,stuff,:,ggt s see, what else? Social
studies 'cause you got a1l those dates to remember. - L ar

than most students, the recurring theme that :Dncept maps shaw relatlanshlps

,amang ldeas_ls'very evldent.

B

e “DO’ YOU THINIC IT [ SQNCEPT HBEPING] E@UEQ BE USED IN ANY QTEER WAFS EE‘SIDES WHAI'
o !‘DU ARE' DOING NOW?

In some classes,. geah. IikéiSQSial stuéieé; or, I d@n't’think it could be. .
used in math. A 1 o 7 : . e =
‘WEATVMAKES’MATH SQ'DIFFERENT§V IR - R oL
' Well . I guess gelatlansths aes Eﬁu,knéw} [itJ éﬁésn't take much t@ffigﬁré,qyt o

EHE glus two. - : ; : L R - P

WHAT WDULD m SQCIAL STTJDIES H&E‘j.‘ PRONE . TO USING @PPING?- . )
‘ . Which. ﬁé are. Eéah.ﬁ
fbu cauld make a map af that, liké, "staﬁk mark t" anﬂ what goes into it,. lgka, B

"stocks.” Use it to explazn éa:pe:tatlsni All theSdlfféféﬁt th;ngs that go-
;nta mak;ng that.... !bu d see the relatlanshlpibetween them glot” béttér.:

In addltlan to determlnlng what students thaught cf cancept mapping, and

haw they wculd use the strategy, we alsa seught reactiuns uf the teachers -

These teachers wergé}nterv1ewed 1n 1nfarmal

1nva1ved Wlth the prgject.ﬁ




pressures or distractions impbsing on the interview.

Although several areas implementation, use, and philosophy behind the
. concept mspping and "V strategies were discussed, ‘cnly the former is reparéed
here. Impr5551ens on the "V" strategy are reparted in the next section.

Dther comments, regardlng ather facets af the pragect are reparted in

apprcprlate sections, of th;s report.

In thls SETlES Df questions, teachers were asked to discuss if :pnéept
mapping had any advantagesrand disadvantagESQ how difficult it was to

implement the strategy -into their classroom curriculum, and whether they
- . - . . WA L.
- saw aﬁy,impfaveﬁenﬁ in %tuﬂents"ability to use the strategy..

'WHAT DO YGU- FEEL ARE THE ABVANTAGES oF USING CBNCEPT MAPPING?

' With the concept mapplng, 1t kind of- held the kids responsible for . certa;n& )
vocabulary. They all of a sudden knew that they were looking up words, not . {‘
only ‘as a definition, but ta show [thé] rélatiaﬂships between ‘words that s
‘they al;eady knew_ . - .

A=

.= theg :an explazn haw a cauglg af w@rds are rélatéd ané then, net anlg daf

cf=twc ather wnrds, or at leést ene ather Hﬁrd;

Tb have them do a paragragh and to maké Aa :@nsept map, to me, is a lot easier
- and a lot more énjagablé than- réad;ng - page full of definitions, because
,q?; you' ‘re alrea&g trying E@ figu:e out why they're dﬁlﬂg it. For the kids, the:e’
T a. certain percéntage of them that still find them very hard, and it mlgﬁt be
- because their vasabula'* is just ‘very weak.i.,"ﬁg m;ght be frustrate&; but I
&aﬁ t thiﬂk ‘that's: a d sadvantage.f B o ) . o

apping] tends “to make
und :stané the ;dea af c@ngept magp;ng -
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&

It would be an advantage for me.... The first few we did, I légked over aﬂd
. got some ideas of what the relatianships that the kids do see are.

Well, first of all, to get the kids to think about what they're read.... 3That
lets them pick up what they feel are the main ideas, or the main concepts. It
lets them tie the- cancepts together ...

i

’ They like to do concept mapping.... T ’ S

Tieing tﬁ;ngs tsgeths:, seeing how théy relate to each other, most lmgartantly;
But if they havs fhn doing -it, that 5 gaad tsa. ..

WHAT ARE THE DISABVENTAGES OF CDNCEPT MAPPING?

[I]f ;E becames busywork where they have to read five paggs and make a concept
map, when they could [just] read the five pages and pick up most of it. I
think if you use it carrectlg, it a good tecl. I don't think you have to
ESHEEPE maF eva;g;h;ng.A ‘T think you have to be somewhat selective. :

I think it should bé usgd at the teacher's discretion, and when needeﬁ- nat
overdcne where the kids think of it as busywork and just something the
teacher is making them write out and hand in. ‘. -

= H - : =

Y = 2 .

H@W DIFFICULT WES IT FQR YDU TO IMPLEHENT CENCEPT MAPPING INTG YDUE

‘At first, I had a real h&ré time f;nalng §aragraph or tWﬁ that Wﬁuld’bé' -
appropriate for it. So I went through alot of paragraphs and I realized that. -
I couldn’t even make a scﬁﬁépé\gag;gut of them.... There' s alot of deficiencies -

in the text. ; \ -

, and T think that's also ssmeth;ng that any teacher's going to have to be o o
. willing to take’ the time to find eut for tﬁémS%%?ES.~ Bafore you give the -
concept map. asszgnment, read over the pa:agragb and make sure that you can
.come up wzth =] T str;:tly from the pa:agragh, that even the weakest
k;d :@uld pull {nformation tagéther,

I think T would Have to become alot more comfortable in myself [about
concept. mapp;ng] I don't know why, not afraid, but a little bit hes;tant
ko fééllg get into them, because I'm not that gaad and g@mfbrtable with’

[Ehe strategg], :
i ,.,; I tblﬂk that concept . mapping is a hard thing to teach k;ds. I reallgrdﬁ.

¥

AtAthlS ag",esPeciallg. ‘When they-are sort of set in how they réad something
‘ : "ga about lgarn;ag it, or. ﬂutllﬂlﬂg it, e I think it is diffi~
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¥

HAVE YOU SEEN STUDENTS GETTING BETTER AT HBKING AND USING CONCEPT MAPS? ‘

Yes, I've seen an ;mprevement. A lot of. kids don't have the real ideas. Alot

‘of them are just putting the title as they read, as they come across topics,

they will put them down. = But even that helps if they are drewzng l;nee.

’The;r reading assignments: are better. Espee;elly when ' T beve them ée a concept

. map of what they're read. If I give them definitions to do from a read;ng

aes;gnmenfg and then I give them a concept map to do on that reading assignment,

they always can remember what they read and tie it to the other [parts] better
- when they've done a concept map. )

. while tryihg‘tewiﬁplement fﬁeee”Stretegies;

H

Ceveats for US}EE_%H& Implementlng CDHEEPt Mepping

The fellew1ng are prev;ded in this repert so -that any ettemﬁt»te replieete

~this ‘project may not “fall prey to the same mletekes that we hed ‘encountered

1. USlng the criteria fer assessing eeneept maps (V=9), the teeeher should "
1dent1fy fer the studente the mejer elements which characterize a eeﬁeept '

: mep—' While the teaeher may ept to use the lees rigorous: ferm of evalua-

- I

tion (see Appendlx I page V—S) of the eeneept maps, these ehareeterleties

'111 sho uld be teught -to the studente.:

2. HeVe students ldentlfy the major . eeneept end eamehew distlnguish thet

reaneept from. ell the ether eeneepts represented on the map. The studente
- enuld HTLtE thet een:ept in cepltel letters, put a deuble elrele ereund

’1’1t ) erté ln d;fferent eelore. The reesen fer thle reeemmendetlen is- te

‘»fspeelfy fer the studente end teeeher whleh eeneept 1n the studente' mend*

o 15 the mast generel meet 1ne1u51ve ef the eeneepts represented _ﬂ

7;3g Net eil reedlng meter;els are eendldatee fer eeneept meps., then, we

o heve founq%text deSeriptlene 1nedequete in thelr reletlenshlpe emoug

Wifﬁe“
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fcre, the teacher should prepare concept maps of any material prior.
“to 3551gn1ng the-task to the students, This way, the tea:her can use
the cancept map as a means of judging the general worth of ‘the reading

in the text and its capacity to be concept. mapped.

" 4. Teachers sheuld stress the 1ntegrat1ve aspezts cf ccncept mapplng . -

!:Thst is, the concept map represents the relationships of mganings amaqg
:eanceétst We:did'}cﬁifind teachers placing suificieng stréss on
tgis idea. We feel that if this wds done more regularly, thé power of
the cence?t mapping strateéy wcﬁid increase for the ieéchef, and~thus: B

*  for the student.

_Caﬁ51sten¢y in Concept Map Szar;ng:

":estabilshed

We have nated earlier that scoring procedures- for zgncept maps have
undergaﬁe ccntlnuaus rev15;nn. As we continue to use concept maps in
teaching and research, new forms of scaring keys Wlll undoubtedly result;

and we would eﬁcaurage continued“explaratian of alternative scoring pro-

Eédures; For the purposes Df summative evaluatlcn, hawever it was neces-

sary to settle an a map searlng prccedure and to apply it with the various

classes lﬂVDlVEd in our study. iThe key EhDWﬁ in Figure V.3 of this report

‘was used for all the :ancept map ‘scores glven in this repart To test

'the can51sten¢y w1th WhlEh dlfferent persons rate the same cgﬁ:ept maps,

- f aters scored eighteen dlfferent c@ncept maps applying the criteria ‘

. A
& '

g.; . -

Table V.7 shaws the mean map scores eamputed f@r each of the flve

—étéis[and}dgséribgsithe;:aters' relevant experience with the projectr. - -~
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Mean scores ranged from 17.50 to 18,67, An analysis.of variance was

;amﬁﬁted_ag shown in Table V.8. Although there was significant variation

in scores on concept maps (as should be expected since these were done

Aby differeht students and for différént subject éreas), there was no

=

51gn1flcant varlatlan in raters' ‘scores for the same maps (F = 1.20;

P>0.32). These data indicate that concept: map ratlngs are relative’ly
; constant from rater to rater, assuming the raters are familiar with the
;,» ° 13 . . i
' strategy of concept mapping.
~  + .. Table V.7. Raters, their relevant experleﬁces, and the mean of the
8 total scares fhr the eighteen concept maps they evaluated
I - Mean of Total &cores
Ra : . al , re
y ﬁ ater and Experiencé S (18 concept maps)
#1 - invelved in project for two years S 18.06
* #2 - graduate student not involved with . '
\ 3 project; familiar with concept -, 18.67
i mapping and the e - L
#3 - involved in project for e;ghteen ' ke at
. . 18.83
months _ _
?'__ o RN L 3 nat involved with pragect graduate =
S ' ' student consuitant from another univer- 17,50
sity other than Cornell : ]
#5‘; involved with project for one year; : éiiﬁi

teacher working part time on the prcje 18..50
as staff member o \&

4
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Table V.8 Two way analysis of variance (ANOVA) on rater and concept map.

Source

Error

21
68

- Corrected Total 89

1629.7333
295.5555

925.2888

© 29,9873

4.3464

6.90 . .001

Rater

Concept Maps

608.8888

20.8444 -




VI.. THE EPISTEMOLOGICAL (KNDWLEDGE) myit o - ;
‘1?he;Ev§Lq;ian of thgﬁEp{gggﬁg;ggig;;;gknawlédge) "V'' for the Project:

It Has already been mentioned that thE'epistemélagical "'V" has been invented
to show thexagtivé inte:ylay-between the conceptual structure éf a‘diééiplineﬁ
~and the mgthcdol@gy empiéygd'by that discipline in’sfmé inquifyi At the
! ﬁaiﬁt af thé‘"V“_are the_eventé and objects which become the feéi of tbe ’
inquiry. As HE'prégress up from the everits and object$ on the léft-ﬁan& side,
Dur-cgﬁceptualizatigns bécomE'bfaader and more encbmpassingf As we pfggféss

“up the right=hand 51de to the clalms of our 1nqu1ry, our methﬂdal@gy becomes

&

manlpulatlnn of the recards ef thnse:events
The nrlglnal Gowin's" epistemalnglcal "y is Iepresented bélow in Flgure'.
VI.1 Upnn 1nspéctlan, it can be ncticed that th15 oy .is more comprehensive
. than tha Qne presented to Dur students 1n thé "Learnlng Haw to Learn" Projégt.

[

There were several reasons ‘for thlS, and each will ‘be dlscussed 1nd1V1dua11y.

'CONCEPTUAL o METHDDDLDGICAL
_.SIDE_ .~ . - . L SIDE |
[ WORLD VIEN\ v  KNOWLEDGE .
. PHILDSDFHY : CLAIMS . -
R  THEORY . \ ’a Lo VALUE .
CDNCEPTUAL SYSTE_; TRANSFDRMATIDNS S
. CDNCEPTS RECDRDS , '
S EVENTS/DBJECTS

£

: F;gure VI 1. The. Orlglnal .Gowin's Ep;stem@lnglcal "y show1ng the Tole of -
' ‘;*f20nceptu§llzat1ans and methcdalagy in an. 1nqu1ry.r il

.




.o

| 'ﬂ‘ggyhtan Junlar ngh Schocl and Laﬂ51ng Mlddle Schoal suggested that the questlc

First, the iefﬁfhand side contained more terms -= wnr;d view, philésaﬁhy, _ '
thegry, tell;ng questluns, conceptual systems, cancepts -= than we wéfe-prepared
_to lntraduce to Junier hlgh students. It was felt that the use of Dnly four
of these terms with the exclusion of "world v;ew" and "philosophy" wculd be
apprupriate fo the junlor high 1eve1. Since these students were farelf; if ever,
expased ta an examination of several phllosophlaal per5peat1ves af s:;ence or
to. metaph ical ptlnclples that fafm the bases of world views, these aspects of

thg."V" wereveliminated,

"Telllng questlnn" 315@ pasad a ﬁrablem Gowin Clﬁ press) defines a telling |

» question in s¢1en;é as "poslng a causal cnnnect;an" w1thin Sﬂme phenamena of

interest. To ask, and to answer; a telling question requires an élabDIatE :

canceptpal framework tD guide ;nquirles and to set those 1ﬁqu1rles within the
context” of some field of study. Now, since junior hlgh students da not encaunter
suéh“far-féazhing queStlans, and do not delve deeply Wlthlﬁ the conceptual ,‘L‘
framewark of the scientlflc diSQipllnésr the use of "telllng questlaﬂ was |
cans;dered 1nappraprlate to our‘needs for the prajecti For some t;mei the f

staff zaﬁ51dered SEveral ather terﬁs tn &dEﬁtlfy the kind Qf_qﬁestiaﬂ'that
15.asked'1n 1ab§ratnry exercises at. the junlar hlgh level.. At first, we gﬁcught
‘that the terﬁ "gaad questlan ght accummudate our needs since it could dlstln—
guish between a questlan that led ta a tgmprehen51ve 1nqu;ry and Dne that dld nat
Ca "bad" questlan") Hawever, thls was discarded when we, reallzéd thét to use

[

the term "gaad" was valueﬁladen, and may be : ﬁapprcprlate for a. kncwledge

lnqulry. - c j o ' ;r _’
' Flnally; the 5taf£ declded that "facus quest1an" would be more SPEElflc
¢ ¢

1n 1dent1fy1ng the. iun:tlan of the lnqulry. Our early wark wath students at

J

.

8
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shpu;d focus upon thé events or gbjects that 'were .to bé cbserved in the
inquiry, and als; idengify; eithef explicitly or implicitly, the concepts
"relevant-ta'fhe iabéfatéry‘éxéféisei We found it helpful, also, to move .
~ the focus questlan frr;m the left-hand 51de into the center of 'the: “V"b
| since it was "cgntral" to the ;nqulry and played a role in tying togéfher
the ;cheptual and methadclog1cal elements of the investigation.

:Anqcﬁer ﬁrpﬁlem arose when considering the terms “zénceptualisyStem"
!énd:"éanceptsi" Iﬂ our early attempts in the Ithaca junlDT high schaol | %
we d;sccvered that students had a gréat deal of dlfflculty d;stingulshlng -t
between the twaa JAgainjlwe tried several alternative-térms, until we deelded}
»ta adapt "pr1nc1ples" as the térm that ‘would occupy the space above cantepts

and below theory. As n@ted in the previous sect;an; pf;nclples are proposi-
tiaﬁéccmpaéedef two or more éangepts,=althaugh ncﬁAall prépositiané are
Qriﬁciplésg
Threé sources of prinﬁipleé were’alsé identified. Principles cauld‘camé;

from the prior knowledge clalms of some previous ;nqulry (empirical principles).
Pfinciples ;auld alsa,cpme from some theore;;cal moéel in the fq:m afiprgpesi;.

“tions (thecrégical pfincipleé)g Thés% two Eypésxw3f§g;qupedunder thé heading
{srof "EOnceptual prlnclples." The fiﬁal type of pfiﬁ:iple #as'derived fram'the

’fuse af 1nstrumentatlun and ather recard-maklng dev1zes that are: -used 1n the

':Xilaba:at’ry. These were “called "methad@lngical pr;nclples," and they serve to "

- gu;de recardsmaklng and recprd transfcrmatlons.

s

Turnlng to the rlght hand s;de of the "V"' fewer modificaticns'gécufféd

T

S ) | o .
as a- result af .our. Wark w1th students aﬁd téachers We felt that recards

. , ) o
Vand tfaﬁsformatlan wauld sufflce far the klnds af 1nvest1gatlcn5 that students,f%?

',jat the junlar h;gh Ievel although we dld find EVldEﬂcE that students

:;culty knawi’g whfre these twc terms flt alcng the "V“
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= R +

Under "claims," we soon restricted ourselves to using only "'knowledge

claim." There were two reasons for eliminatinﬁ "value nlaims." First we
were haV1ng (at that Stage of the pro;ect) enough dlfflculty with teaching
the "V" to junior hlgh students and thought that the 1ntrndugt;nn of a new
sét of 1deas needed to :larlfy the meaningb f "walue cldim'" would only nake
‘matters more diffiéult. Second, and probably’more important, at‘the.*
beginning afEt;e'projEEt there was a disPuté'abnut valnés,elnrifieaticn in a
'snﬁnnlvaisnrigt_nearﬁy; an, although we recognized that theredwas a vasrn
d;fference between our- deflnltlon of "value claim" and. how ''values nlanlflca-'
tlan" has been=used (Raths Harmln, and Slmnn, 19663, we felt that there m:ght
he some sort af backlash a backlash that the project ;auld lll-affnrd tn :;, 1f§
» . encounter. Thus, fbr polltical reasons, this aspect of the "V was deleted.
: CQﬂSlderlng in retrospect the 1mp@rtant aspects of value claims in
the EEIEHC%S -- truth, elegance, practlcal appllcatlon, and sunh -- it
is regretéble that thlE fanet of. the project could not be pursued. It
is enzcuraged that, now having a firm basis fnr implementing the know-
‘ledge yr 1n the classroom, this aspect cf the "V" might be 1nvestlgated #
in' the future. It 15 can51dered an 1mportant and rlch source of lnformai‘
tion about the sciences,’ though differeng than the content ‘orientation
that'sn.often 6c;ﬁpieé teachers and stuéents; . 7
‘ The term "eplstemnlngy" was alsa drnpped in favcf 6f§i§é term "knnﬁ;
iledge.“, GlViﬁg students and teachers sﬁch an unfamlllar wnrk was not lﬂ |
, '

keep;ng w;th the learning ‘theory that formed the ba51s of the prngect.'

rfThe cancept label was 1nh1b1t1ngﬁ%he learnlng of: the meaning of that

?nn:ept - I t . . L : :

F nally, although we fnund no Pr@blem with us;ng "conceptual 51&4“ and

i"methndolaglnal 51dé;" we affered the teachers the option nf us;ng the "thlnk-;'

ki
&

;‘lﬁg. 1dE" and the "do;ng 51de," respect;vely. qut';ga;hgnsg thnugn, uséd:r




bnth graups of terms cgncurrEﬂtly - ‘,ﬁ
There wers no changes in the use of the terms "evants" and "DbjEEtS " -
leen all thls the "Knowledge 'V'" evalved into the fgllaw1ﬂg struzture

(Figure VI,ZQr For a more comprehen51ve desar;ptibn of each of these terma

;
and their-de¥in1tlons Ere.fer to Sectlon IV in Appendix I. - . S
%DNCEPTUAL .\ METHODOLOGICAL .
\THINKING) ﬂ - (DOING)- . .
'77$IDE ‘ i : " SIDE : .
— 7 - — S —— ST
, " THEORY. KNOWLEDGE 'CLAIMS - "

PRINCIPLES TRANSFORMATIONS . |/

‘ CONCEPTS RECORDS N 7

: e N Y

.. EVENTS/QBJECTS . ) |

o Figure VI.2. The Knowledge ''V'\ as evol?e%;in the '"Learning How.to Learn' Proje¢

Implemeﬂtatlan af the Kndwledge "V" - 1978 19?9 < -
— , et e

Develapment of strategles far ;ntraduclng the knewledge "V"ﬂ;ntafthe-
:lassracm prV?d to be a fatmldable task Of . caurse, our’ flrst contag"
a schocl was dqﬂe thraugh the Ifhaca Clty Schools, where we had cne vol“

teacher £rom Bayntan Junior ngh Schﬂol. “We- were glven permlsslaﬁ ta work:

- ~with his 21355 but it .was declded that“at flrst we - should begln to- introdi

T'the térms 3; the "V w;th especlally CDDPETEthE students Thus we .
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Aruitoxt provided by Eic:



Thus : a problem of ’c:cmt:.nulty arnse- »“Wé asked the teaeher tn

ERIC

Aruitoxt provided by Eic:



Q

ERIC

Aruitoxt provided by Eic:



anAlighth grade*s:ien:e teagher in the Lans;ng Mlddle Schnal He was teach;ng
oral '.QTLEﬂtEd IPS Pragram, and we felt that thlS mlght be the

llntraduclngsthe "V"‘ WE scheduled same 1nfbrmal meet;ngs w;th,

hls IPS class. ThlS :1355 was'

cgns;dered above average i

®

=was subst;tutediw1th the'terms Qf thg knawledge "V" Th;s 131nfnrced he

allithe kncwled

Aruitoxt provided by Eic:



"17quiri35. Théy'alSdirec§”

» 1erar nc heary’ evel had been utlllzed! Thls was enﬁnuraglng

on priar knawledge. Th;s expérlence led in part to" the sectlan

in the Teach s Handbnak whieh dlseusses sequentlng of “V's" ) (See page

-V—lB in. Appendlx I )

;antrast tﬁ our. Ausubellan appraach that places central focus Dn the acqulsl—

”‘ftlcn‘and use af Ielevant ﬂoncepts and a Tﬁul 1' ?hilasophy that stre, S

" the' evolution ‘of concepts (Novak, 19771:) RN

We cgntinued 1n,the Lan51ng Mlddle Schaal thruughaut the Sprlng, 1“,

L] #

_As that teacher became mare zamfortable with the "V" strategy, the attentlon:

of - ‘the siaff was dlregzed taward the athér two schools that were Just then

'féxp ,551ng same lnterest in our project. The,qne seventh grade teaahe  1n

;Trumanshurg was W1lling to .adopt* Qur ideas in one of her elassésrrand L1

,e_seventh gfadEﬂtea:her and one ghth grade teacher in the Afrlcan Road




HVH Strategy, It WSS Teallzed B

';;s:hgal setting, given all the ather PreSSures thgt acaumpany the teacher k]

"daq, mpre intensive tralnlng wauld be negessarf’ The staff soon Iecagnlzed_j* .

5that we could not just hand the teacher the materials and "let themaldésé:; L

~'n the zlassraam.ﬂ Rather, a firm and more - :omplete arlentatlen to. the

5'phllasoph1ca1 and psy;halaglcal faundatians af the PIDjEEt ust be planned

r.tc:'he 1ﬂtraductlan of the materlals 1ntc the ;lassranm.

Not muah pragrass was made w1th the "y" in Vestal in thcse few manths C

.

f:tha 197331979*52h§el,yeaf. Trumansbufg did better partly as'a result

 f;§f’§iéser staff and teacher cammunlcatlun and gengraphy. Wlth the




 Thentermsfweré’Qn1y intrbducedias

n fpcrated 1ntg :Lass d;scu551ans.

';iabaratary events.V‘Ah'early laberatary exerclse served th;s purpcse well
'In the flrst weék af schugl the studeﬁts 5et up a "beef bcu;llan"

(students were ;nstru:ted tu set- up‘four‘test tubes, ;ggh with -

. TWprf the test tubes were left unéévé?edi ﬁhg‘otﬁEI'twa‘

" “were covered. One covered and one uncovered were then placed in boilj

Durlng the two weeks, cher la

i baulllcn cver a Perlod af twe weeks.

 ibﬁﬁi11on experlment the labaratgry workbaak required the students to make ft L

':claims that were relevant to the questlnn of what was, needed fbr 11fe to

ai; 1tselfA=— cancepts that the students had nat 1earned' As the c ass

3‘d;sculsed the lab the students real;zed that they did not passess the p '?er;

:“f:anciptualrffamewurk to make the klnds of clalms required. Enter; then, Af'fw

‘ithe need fbr;the conceptual 51de of the "V, It was’ démgnstrated very- cléarly

1that tha 1ab exerclse cnly "made sense" when the rezards ‘that they had been j

‘far the two weeks were seen in relation to the zancepts of "11fe L
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*~in;Ve5tai‘*the précedﬁre’fgr_inti@duaing the "V was diffeient ?and

delayed Bath teachers there had expressed some ccnfus;an and anx;cusness

)

_éabaut understandlng and uE;ﬂg the "V" They bath asked that a member of the

ratf'cnme dawn to ‘teach the classes and the teachers how to use the "V"'-‘OA

;gtwa;sépafateza;2351ens; Qne,ﬂf-the-staff membgr;_v151tgd>the,classes on a day
:'“;fféiioéiné_a laboratory exercise. E | %
" _IﬁftheEeightﬁ_gradélglassgs} theIStudentsfhad peffofﬁed~aﬁ efeicise on
‘théiﬁeaﬁ‘lgéﬁ'by iran!washers to é:gifeﬁiiélﬁﬂanf'wate?, ’Qné of the knq&;gdgé

';;élaims"that-was- tD'Ee made dealt with hawimu:h heat was lost by’the iron

LA

“washers when piaced in a volume of water.. T%e students had cgmputed the heat . Lﬂ

Ao k

v“galned by the water by measutlng theﬁchange in témperature and the mass. of: the .

‘»water, (S;nce the spsélflc heat of water is 1.0, that was not cans;dered in ‘?,“f

chéicalgulatién;)f Wlth that calculatlaﬁ and value, the questlon of hnw muﬁh heat

:ihad beenrlcst by the iron. washers _was pcsed Thg_s;aff member shawed;hcwgthis
:7Vlabaratcry exerclse would be represeﬁted‘dh the "V, It-was__révealiﬁg:téjthg,,ﬁ

- =

ﬁd S "dfteagher allke that the learners had nct béén e;pas '

B

Taf the exerglse.‘ wlthaut it, no 1a1 1d have been made abaut thﬂ am@unt

Aruitoxt provided by Eic:
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the me}hadelogical'téchnlqués Qf stalnlng and mlcrascapy.

As the class and the staff member were: ‘discussing ‘the clalms abéut the;**

- differenc

Lbatween anlon and cheek ceils one stu d ,t foered the clalm

that cheek :ells cantained vaenﬁles C51nce chaek cells were ‘animal 115 and

all. anim. 1::3115 a ’rlarl must cantaln vacuﬁl':) VBut ‘based on the recards L

Thls palnted up one af the llmlts cf knnwledgé clalms- they must be can515

W1th‘the recards and transfarmatlnns made. If the 1nqu1ry had the purpase af, O

x’determlnlng 1f cheek cells have vacuales then the claim. for. thlS exerclse mustk

But that glalm was caﬂditlonal given. the 1;m1ts of the perscn dglng

5cn and fhe 1ﬁstrument used t#,make the Iacards. _Thls;was.dis usse

i ' S
The problem was: tentatlvely resnlved Wlth the Ieccmmendatlﬂn

5% "

'that,perhaps a better mlﬁrasccpe may 1ﬁd;cate the presence Df vacualés in cheék.

Bath the "V's" for the heat 1 $5 e erlment and the on;qn€] ;f;{
Xp P

¢ s

?Evaluatlnn.

. From November, 1978

©

.éfgéuffﬁiégfﬁiggFta'iearﬁ“-i,;'a“g

Q.

Aruitoxt provided by Eic:



Tt . :
T.Why 1sn t ra;n an event lnstead of a cgncépt?"; Dr "Idon't see hcw td shaw

dlssectlan ex 1sévcn a v map.ﬂ or. "Wew, thls really helps me to see what s_}

gulng Qn 1n_th15 experlment!" In addltlen to 1nnumerable anecdotal c@mments_’} 

-~such as these, we alsa ganducted more systematlc farmat;ve evaluat;an, some: cf

whlch 15’des¢rlbed in the fnllaw;ng pages. , o ’ .

)e
Shmmatlve 1ssues alsn ‘were- addresséd but yrlmarlly durlng the second yeax

* 8 .
-

af‘the pro;ecti In essenee we wanﬁed to determ;ne several related issues af

7ivent1fy, deflne, gnd plck out examples af the terms afgthéi"ﬁﬁ?i

fs‘the 335153t aspect af . evaluat;on of the “V" since 1t iny’req,lred

'be able ta place the ‘termis cf the "V" in th31r carrect Ea

: that stuéents

dgfine each gf the tgrms, and u31ng past experlenaes in- the 1ab Pfév1d§ A

examples uf each af the terms. ‘A twn—page pengll and paper 1n§trument was then

”dEV1EEd to Ieflegt thls task - We began with a trial run 1n Lans;ng in Aprli

x

and followed w1th ancther tryﬁut 1n Tfumansburg in Dctobér; 1979.

Althaugh the essence af the 1nstrument was felt to work quite nlaely, the A

Students had to wrlte ea:h Df fhe terms thre

=

'structure left much tc be de51réd.

&

timéé deflnltlans were separated fram éxamples, "and the examples were tagbe-

cgi‘revlslan of the»

- “diiﬁﬁﬁby students from past labarata ry fxpE;€§,Ees~é’A ﬁ

flnstrument was d€P§, ~duri E’Jﬁ' Wlnter, 197

: ive th deflﬂlt;gns af each of the terms and 1dent1fy examples’af
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';VAg . Examlﬁatlan af even these very prel;mlnary results prav1de some alues

535 ta thevfamlliarity of the student with the "V" and where the empha51s is .o :

:u;relatlngto 1n5tru¢t13n abaut the "V";‘ Flrst Flgure VI. 43 1nd1cates tha